Background: Plasma cholesteryl ester transfer activity in¯uences the distribution of cholesterol among plasma lipoproteins and changes in its activities may in¯uence the response of plasma lipoprotein cholesterol levels to increased cholesterol intake in the form of eggs. Objective: The aim of the study was to determine the effect of increased egg intake on plasma newly synthesized cholesteryl ester transfer (NCET) activity and plasma lipids and lipoprotein levels in free-living men and women. Design: The study was longitudinal and included a 12 d intervention arm and a similar control period immediately prior to the intervention to account for any changes in variables with time. Subjects: Thirty two healthy subjects aged 20±57 y and consuming self-selected diets were recruited. Twelve men and 14 women were entered into the intervention arm of the study. Twelve of these subjects and six others were in the control group. Interventions: Subjects who participated in the intervention phase received one additional egg per day. Results: Plasma NCET activity decreased signi®cantly (P 0.05) in the 26 subjects who consumed an extra egg, mainly due to a signi®cant (P 0.02) decrease (713.4%) in the activity in the women. Plasma cholesterol and apolipoprotein B-containing lipoprotein cholesterol increased signi®cantly (P`0.05) in the intervention group and in men (P 0.02) but not in women. Age was correlated signi®cantly (r 0.519, P`0.01) with the change in plasma NCET activity in all subjects and in men (r 70.644, P`0.05). The decrease in plasma NCET activity was signi®cantly (P 0.02) less in the lowest tertile compared with other tertiles of self-reported habitual dietary cholesterol intake independent of age and gender. Conclusions: These data suggest that an increase in dietary cholesterol reduces plasma NCET activity particularly in women and older men and individuals with higher habitual intakes of cholesterol. Furthermore, a reduction in plasma NCET activity may tend to limit the increase in apoB-containing lipoprotein cholesterol in women during increased egg consumption. Sponsorship: This study was supported by the Nye Special Lipid Fund.
Introduction
An increase in dietary cholesterol raises plasma cholesterol concentration particularly when the intake of saturated fat is also high (Schonfeld et al, 1982; Fielding et al, 1995; Bronsgeest-Schoute et al, 1979) but there is considerable variation in the degree of individual increase. Also, there is variation in the distribution of this increase in plasma cholesterol among the plasma lipoprotein fractions. Increases in both low density lipoprotein (LDL) cholesterol and high density lipoprotein (HDL) cholesterol have been recorded in some studies (Mistry et al, 1981; Martin et al, 1993; Zanni et al, 1987; Clifton and Nestel, 1992; Clifton et al, 1995) whereas others have observed an increase mainly in LDL cholesterol (Schonfeld et al, 1982; Fielding et al, 1995; Applebaum-Bowden et al, 1979; Sacks et al, 1984; Raymond et al, 1977) . Gender, age and body fat distribution are determinants of the effect of dietary cholesterol plus fat on plasma lipoprotein cholesterol levels (Clifton and Nestel, 1992; Clifton et al, 1995) but other factors may also be in¯uential.
The rate of cholesteryl ester transfer from HDL to apolipoprotein B-containing lipoproteins may be a determinant of the distribution of cholesterol among plasma lipoproteins when dietary cholesterol is increased. Cholesteryl ester transfer protein (CETP) mediates the transfer of cholesteryl esters synthesized in HDL to other lipoproteins in plasma. The mass of cholesteryl esters transferred also depends on the concentration and composition of plasma lipoproteins and levels of inhibitors of cholesteryl ester transfer in plasma. Increased plasma CETP concentration has been linked to increases in both HDL cholesterol and LDL cholesterol in response to cholesterol feeding in young men (Martin et al, 1993) . Also, plasma cholesteryl ester mass transfer activity is accelerated by a short period of increased cholesterol intake in young healthy men during diets rich in saturated fatty acids (SAFA) or polyunsaturated fatty acids (PUFA) (Fielding et al, 1995) . However, there is little information available on the effect of cholesterol feeding on plasma cholesteryl ester transfer activity in women and older subjects. In the present study we have tested the effect of adding cholesterol as eggs to the habitual diet on plasma newly synthesized cholesteryl ester transfer (NCET) activity in healthy men and women including middle-aged subjects. Plasma NCET activity is closely related to cholesteryl ester mass transfer (Corboy et al, 1994; Sutherland et al, 1994) .
Subjects and methods

Subjects
Twenty-six healthy subjects aged 20±57 y (mean age 36 y) including 12 men and 14 women (13 premenopausal) were recruited into this study. None of the subjects had evidence of any underlying diseases. The study was approved by the Ethics committee of the Otago Area Health Board and written and informed consent was obtained from all subjects.
Study design
Subjects were instructed to consume one extra large egg (65±75 g and approximately 250 mg cholesterol) daily for 12 d. The eggs were supplied and the subjects were asked to record their intake and cooking practice, which was generally boiling. Otherwise they adhered to their habitual diet and continued normal daily activities. Measurements of plasma lipids lipoproteins and NCET activity were made at the beginning and at the end of the study and an estimate of habitual dietary intake was made at baseline. A control group was included to determine any change in plasma NCET activity over time in a similar group of men and women on their usual diet. The control group consisted of 18 healthy subjects (9 men and 9 women, mean age 32 y) who had just participated in a study of the effect of postprandial lipaemia on plasma NCET activity. Baseline measurements on two occasions approximately two weeks apart and close to the beginning of the present study were used here. Twelve of these 18 subjects agreed to participate in the current intervention study and six subjects declined further participation.
Diet
Habitual dietary intake was assessed from answers to a 121 item food frequency questionnaire which was translated into quantitative dietary information using a computerised data base of the composition of New Zealand foods (Milligan, Webster and Burlingham, 1991) .
Laboratory measurements
Subjects reported to the study centre in the early morning after an overnight fast. Venous blood was collected in tubes containing EDTA. Plasma was separated by low speed centrifugation at 4 C and aliquots of plasma were stored at 780 C. After precipitation of apolipoproteinB-containing lipoproteins from fresh plasma with phosphotungstate and magnesium chloride, HDL cholesterol was measured in the supernatant (Warnick, Benderson and Albers, 1982) . High density lipoprotein subfraction 3 (HDL 3 ) cholesterol was measured in the supernatant after precipitation of lipoproteins with polyethyleneglycol (Kostner, Molinari and Pichler, 1985) . Plasma HDL 2 cholesterol concentration was obtained by the appropriate difference calculation. Cholesterol and triglycerides were measured in plasma and plasma fractions using enzymatic kits and calibrators from Boehringer Mannheim (Germany). Plasma NCET activity was measured by an isotopic assay (Channon et al, 1990) . Brie¯y, 3 H cholesterol was equilibrated with plasma free cholesterol at 4 C and the mixture incubated at 37 C for 3 h. At the end of the incubation period, apolipoprotein B containing lipoproteins were precipitated and the precipitate was extracted for lipids. The cholesteryl ester fraction of the lipid extract was separated by thin layer chromatography. Radioactivity in plasma and lipid fractions was measured and using the plasma free cholesterol concentration NCET activity was calculated. The coef®-cient of variation for this assay in our laboratory was typically 10%. Samples for plasma NCET activity taken before and immediately after the intervention were analysed in the same run to exclude inter-assay variation. Previous studies from this laboratory have shown that plasma NCET activity corresponds closely with net mass cholesteryl ester transfer measured by chemical methods and that storage of normotriglyceridaemic plasma and hypertriglyceridaemic plasma at 780 C does not alter NCET activity (Corboy et al, 1994; Sutherland et al, 1994) .
Statistical analysis
The paired t-test was used to compare values at the beginning and at the end of the study. Mean values in men and women were compared using the Student's t-test. Analysis of variances were used to compare the various analytes divided according to tertiles of habitual cholesterol intake. Pearson's product-moment correlation coef®cients were used to test for relationships between variables. Twotailed tests of signi®cance were used and P values less than or equal to 0.05 were considered statistically signi®cant.
Results
Mean (s.d.) body mass index (BMI) for the subjects was 24.4 (3.2) kgam 2 . Mean (s.d.) age was higher in women 40 (11) y compared with men (32 (12) y but the difference did not achieve statistical signi®cance (P 0.09). At baseline, mean (s.d.) reported daily intake of nutrients was as follows: energy, 11.7 (4.2 MJ); protein, 17.7 (3.4)% energy; fat, 34.3 (6.0)% energy; saturated fat, 14.6 (3.5)% energy; monounsaturated fat, 11.1 (2.0)% energy; polyunsaturated fat, 4.7 (1.7)% energy; carbohydrate, 46.2 (5.1)% energy; cholesterol, 349 (141) mg (range 130±742 mg) and 29.7 (4.3) mgaMJ energy. The mean (s.d.) daily habitual cholesterol intake with respect to dietary energy was not signi®cantly different between men 29.6 (4.2) mgaMJ and women 29.8 (4.6) mgaMJ. Table 1 summarizes plasma NCET activity and lipids and lipoprotein concentrations in the subjects before and after 12 d of increased daily egg consumption. Plasma NCET activity fell signi®cantly and plasma cholesterol, free cholesterol and VLDL LDL cholesterol concentrations increased signi®cantly during increased egg consumption. Measured variables did not change signi®cantly with time in the control group. Table 2 shows mean values of measured variables in men and women before and after an increase in daily egg consumption. At baseline, plasma NCET rates and lipid and lipoprotein concentrations were not signi®cantly different between men and women in the intervention groups. In men, plasma free cholesterol and VLDL LDL cholesterol concentrations increased signi®cantly and in women, plasma NCET activity fell signi®cantly with increased egg consumption. While the change in plasma cholesterol levels in men and women were of a similar magnitude to the corresponding increase in plasma cholesterol in the total group they were not statistically signi®cant. This ®nding is probably due to the smaller number of subjects in the gender groups. Apart from an increase in plasma triglyceride levels in women, there were no signi®cant changes in plasma NCET activity and lipid and lipoprotein concentrations in men and women with time in the control group. The mean (s.d.) change in plasma NCET activity was signi®cantly different (P 0.02, ANOVA) among tertiles of habitual daily cholesterol intake expressed as mgaMJ energy highest tertile (37.3±31.9 mgaMJ): 72.6 (4.7) nmolamlah; middle tertile (31.8±27.8 mgaMJ): 74.9 (3.1) nmolamlah; lowest tertile (27.7±20.0 mgaMJ): 2.0 (5.4) nmolamlah. Age (P 0.388, ANOVA), the change in plasma cholesterol concentration (P 0.898, ANOVA) and the proportion of men and women (P 0.843, chi-squared test) were not signi®cantly different among these tertiles. The change in plasma NCET was not signi®cantly (P 0.344) different among tertiles of habitual daily saturated fat intake expressed as % total energy intake.
The decrease in plasma NCET activity during increased egg consumption was correlated signi®cantly with age (r 7 0.519, P`0.01) mainly due to a signi®cant correlation in men (r 7 0.614, n 12, P`0.05) (Figure 1) . The decrease in plasma NCET activity was not correlated signi®cantly with the increases in plasma total cholesterol (r 70.061), free cholesterol (r 0.146) and VLDL LDL cholesterol (r 0.167) and baseline levels of plasma lipids and lipoproteins and BMI (r 0.084) in all subjects. The increase in plasma cholesterol concentration with increased egg consumption was not correlated signi®cantly with age. At baseline, plasma NCET activity was correlated with plasma levels of cholesterol (r 0.882, P`0.001), free cholesterol (r 0.847, P`0.001), triglycerides (r 0.469, P`0.05), HDL cholesterol (r 0.529, P`0.01) and HDL 3 cholesterol (r 70.526, P`0.01).
Discussion
In accordance with previous studies (Applebaum-Bowden et al, 1979; Sacks et al, 1984) we have shown a small increase in plasma cholesterol and mainly in apoB-containing lipoproteins in subjects who supplemented their habitual diet with eggs. A new ®nding in the present short-term study was a decrease in plasma NCET activity mainly in women and older men and persons with higher habitual cholesterol intake, during increased consumption of eggs.
Age and habitual cholesterol intake were the most important determinants of the magnitude and the individual direction of change in plasma NCET activity with increased egg intake. Older men showed a greater decrease in plasma NCET than younger men several of whom showed an increase in plasma NCET with increased egg intake (Figure 1 ). This ®nding is essentially consistent with previous studies which have reported an early increase in plasma cholesteryl ester mass transfer in men aged 25±35 y at two weeks after an increase in daily cholesterol intake (Fielding et al, 1995) and an increase in plasma CETP concentration in young men (mean age 23 y) who increased their cholesterol intake (Martin et al, 1993) .
Low habitual cholesterol intake in relation to total dietary energy also appeared to be associated with an increase in plasma NCET activity, independent of age and gender, during increased egg consumption in the subjects we studied. The factors underlying this association are unclear. A previous study (Martin et al, 1993) has reported that plasma levels of CETP are low in subjects consuming a low cholesterol diet and both human (Martin et al, 1993) and animal (Quinet et al, 1990) data suggest that an increase in dietary cholesterol activates the CETP gene leading to an increase in plasma CETP concentration. Whether or not initial levels of plasma CETP in¯uence the response of plasma NCET activity to an increase in dietary cholesterol remains to be determined.
In the present study, the smaller change in plasma NCET activity with increased egg intake in men compared with women may be linked to the younger age of the men. This is suggested by the calculation which shows that when the mean age for women is entered into the equation which describes the relationship between age and the change in plasma NCET activity in men, the predicted value for the mean change in NCET activity (73.2 nmolamlah) is similar to the corresponding observed change for women (73.1 nmolamlah). We cannot exclude the possibility that there are also gender-related differences in the response of plasma NCET to increased dietary cholesterol.
The mechanism underlying the decrease in plasma NCET activity with increased cholesterol intake is uncertain. Age and habitual cholesterol intake were linked to the decrease in plasma NCET activity but the factors underlying these relationships were not identi®ed. Plasma NCET activity is dependent on plasma lipoprotein levels but baseline levels and changes in these variables were not associated with the decrease in plasma NCET activity. Thus it seems that the decrease in plasma NCET activity is not mediated by diet-induced changes in the lipoproteins that we measured. Plasma NCET activity is also in¯uenced by the rate of cholesterol esteri®cation in plasma. However, it seems unlikely that a decrease in plasma LCAT activity was mainly responsible for the decrease in plasma NCET activity that we observed in subjects during increased egg consumption. A recent study (Fielding et al, 1995) has reported that plasma cholesterol esteri®cation rates are increased when intake of cholesterol is increased. Also, Mott et al (1987) have reported that plasma lecithin:cholesterol acyltransferase activity is not altered by increasing the cholesterol content of the diet in adult baboons. It is possible that there were changes in other factors including composition of plasma lipoproteins, levels of the circulating inhibitor of cholesteryl ester transfer and plasma CETP concentration which may have contributed to the decrease in plasma NCET activity with increased egg intake.
Data from a previous study suggest that women may be more ef®cient at channeling dietary cholesterol into HDL whereas men tend to carry this cholesterol preferentially in LDL (Clifton and Nestel, 1992) . Our ®ndings appear to be in accord with this proposal. In men, increased egg consumption clearly elevated cholesterol levels in plasma apoB-containing lipoproteins (VLDL LDL cholesterol) without change in HDL cholesterol levels whereas in women, there was little increase in cholesterol in the apoB-containing lipoprotein fraction and HDL cholesterol levels tended to rise. It is conceivable that the decrease in plasma NCET activity may have opposed an increase in apoB-containing lipoprotein cholesterol with increased cholesterol intake in women by slowing the transfer of cholesteryl esters from HDL to lipoproteins containing apoB. This decrease in cholesteryl ester transfer might also have tended to increase HDL cholesterol levels. In men, however, the absence of an appreciable decrease in plasma NCET activity may have allowed cholesterol levels to increase in the plasma apoB-containing lipoprotein fraction when dietary cholesterol was increased.
There are limitations to this present study. The composition of the background diet was not strictly controlled. Also subjects were not randomized to treatment or control groups and an opportunistic control period rather than a placebo treatment was used. Consequently, we cannot exclude the possibility that there were changes in background diet that were different in men and women during the period of increased egg intake and which could in¯u-ence plasma lipoprotein levels and NCET rates. On the other hand, addition of one egg to total daily food intake would not be expected to cause appreciable change in the background diet over a short period of time. If the increase in plasma cholesterol concentration which we observed was due to increased saturated fat intake (the environmental factor most likely to in¯uence plasma cholesterol levels in these free-living subjects) rather than increased egg consumption then an increase in plasma NCET activity might be expected instead of the observed decrease in this activity. Accordingly, higher levels of plasma NCET activity were reported during diets rich in saturated fat compared with diets rich in polyunsaturated fat in a recent study (Cox et al, 1995) . The less rigorous study design may have had little in¯uence on our ®ndings which in terms of changes in plasma cholesterol and lipoprotein levels were comparable with data in previous studies which had a more rigorous design (Fielding et al, 1995; Sacks et al, 1984) . It is likely that compliance was high because the supplementation period was short, the eggs were provided, the subjects were highly motivated hospital and university staff, and they provided details on how they consumed the eggs (the additional egg was added to breakfast or sliced in a sandwich at lunch).
Conclusions
Our study on free-living individuals consuming selfselected diets suggests that increased intake of cholesterol in the form of eggs reduces the transfer of newly synthesized cholesteryl esters from HDL to apoB-containing lipoproteins in plasma, more particularly in older subjects, women and in those with higher habitual cholesterol intake. Elevated plasma NCET activity in patients with angiographic evidence of coronary artery disease has been reported previously (Bhatnagar et al, 1993) . Thus, the reduced transfer of cholesteryl esters to atherogenic lipoproteins in the present study could be viewed as a potentially bene®cial adaptation to increased cholesterol intake. Finally, supplementation with eggs has practical application because eggs are the single largest contributor of dietary cholesterol and any change in habitual cholesterol intake is probably due to altered egg consumption.
